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Information Browser System and Method for a Wireless Communication 
Device 



FIELD OF THE INVENTION 

5 

The present invention relates to browsing information content in World Wide 
Web (WWW) pages accessed using a wireless device. 

BACKGROUND OF THE INVENTION 

10 

Accessing browsable information such as Web content on the Internet is a 
part of everyday life for many people today. Most users currently access such 
information content by using computer systems that are physically connected to the 
internet via a modem and physical wires of some sort, typically a telephone line or 
15 coaxial cable. At the same time, wireless devices and the wireless networks they 
work on are becoming more widely available. Many modern wireless networks are 
connected or at least connectable to the Internet. As such, the demand for browsers 
on wireless devices that can access the World Wide Web is increasing rapidly. 

20 Wireless devices and the associated wireless networks within which they 

operate present several design challenges not normally encountered in standard 
wired networks. First, unlike personal computers (PCs) and servers that are wired to 
the network, mobile and other wireless devices are connected to the network using 
radio links. As such, they are only connected when the device is "in range", or within 
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coverage of one of the wireless network's radio transmitters. Because the wireless 
networks do not completely cover al! areas where users will be using the devices, 
connectivity to the networks can be frequently gained and lost. No connectivity 
guarantees can be made at any given point in time. 

5 

Furthermore, even when a device is connected to a wireless network, the 
bandwidth of such networks can be quite low. Current networks, such as Mobttex™ 
and Datatac™, operate in the 9.6 kilo-bit per second (kbps) to 1 4.4kbps range. 
Newer networks, such as General Packet Radio Service (GPRS) and the Global 

10 System for Mobile Communications (GSM), will operate in the 20kbps to 110kbps 
range. As will be apparent to those skilled in the art, this range relates to raw speed. 
Real speed is lower when retransmissions of corrupted packets and network 
congestion are accounted for. So-called third generation networks, such as 
Universal Mobile Telecommunications System (UMTS), are expected to operate In 

1 5 the 384kbps range or higher, but are not expected to be deployed for at least several 
years. 

Most mobile devices also currently have much lower screen resolution and 
processing power than typical PCs or laptops. For example, known mobile devices 
20 tend to have screen resolution on the order of 160 x 160 x 1 bit (monochrome) or 
smaller, as compared to low-end desktop PC or laptop monitor resolution of 1024 x 
768 x 24bits. 

For a user, these factors make the browsing experience on mobile devices 
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considerably different from that on computers with wired network connections. From 
the perspective of service providers and device manufacturers, such characteristics 
of wireless devices and wireless networks hinders the provision of browsing 
capabilities in wireless systems, in particular, much of the information content on 
5 wired networks assumes that a computer or device will be connected to the network 
for the duration of the browsing session. In addition, content is increasingly being 
geared towards bandwidths of 128kbps or higher and to high-resolution screens and 
computers with extensive processing power to support animations, large graphics, 
and the like. 

10 

The Wireless Application Protocol (WAP) Forum was created to address 
incompatibilities between the capabilities of current mobile devices and wireless 
networks and the various processing, memory and display requirements for viewing 
different types of Web content. The result was the WAP specification, a de-facto 
15 worldwide standard, which includes both a protocol to deliver Web content to 
wireless devices, and a new form of markup, called Wireless Markup Language 
(WML). WML is geared towards providing the essence of high-value web pages for 
extremely small devices such as cellular telephones. 

20 The WAP protocol addresses the issue of delivering content to wireless 

devices on slow, unreliable networks. However, although WML allows content to be 
developed for cell phones, it is not clear that it is as appropriate for personal digital 
assistant (PDA) style mobile devices, which have larger screens and tend to have 
more processing power than most cell phones. 

-3- 
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The continuing movement towards web-based user interfaces for wireless 
communication devices, coupled with a general sentiment that Hypertext Markup 
Language (HTML) and WML provide inadequate user interface controls, is expected 
5 to result in an increasing demand for mechanisms to extend basic browsing 
capabilities. Browser extensibility wili therefore likely become an important part of 
mobile device application platforms. 

Therefore, there is a need for a Web content browser for wireless devices, 
10 which provides browsing functionality similar to that of conventional Web browsers 
designed for hard-wired network connected devices. Such a browser should 
overcome the above problems associated with browsing information on a wireless 
device and should be compatible with multiple information content types. There is a 
further need for such a browser to be integrated with other functions of wireless 
15 communication devices. 

SUMMARY OF THE INVENTION 

According to an embodiment of the invention, a web browser comprises a 
page cache containing a plurality of pages in a plurality of formats, and a converter 
20 and renderer operatively connected to the page cache for rendering the plurality of 
pages for display by the browser. 

In accordance with a further aspect of the invention, a wireless web browser 
comprises a radio configured for communications with both a Wireless Application 



-4- 



WO 02/052785 



PCT/CA01/01857 



Protocol (WAP) gateway and an Internet Protocol (IP) proxy server. 

A web browser according to another aspect of the Invention has a 
background processing object, the background processing object permitting the 
5 browser to access information after the browser has been closed. 

According to a further aspect of the invention, a web browser comprises a 
message store, the message store connected to at least one application selected 
from the set of: email application, voicemail application and SMS application, and 
10 the message store containing objects retrieved by the browser and the least one 
application. 

In another embodiment of the invention, a computer readable medium 
comprises instructions for implementing a page cache, a renderer controller 
15 operatively connected to the page cache and a serialization manager operatively 
connected to the renderer controller. 

A method for installing a converter on a wireless device according to a still 
further aspect of the invention comprises the steps of determining if the converter is 
20 registered on the wireless device, if the converter is registered, then requesting the 
converter via a wireless network, and when the converter is received in response to 
the request, installing the converter on the wireless device. 

A method for rendering a page on a wireless communication device, in 
-5- 
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another aspect of the invention, comprises the steps of receiving the page over 
a wireless network, selecting a converter for the page, rendering the page to created 
a rendered page for display by a browser, and storing the rendered page in a page 
cache. 

5 

In another embodiment of the invention, a browser for a wireless device 
comprises a browser object operatively connected to a browser daemon, a stack 
manager operatively connected to the browser object and the browser daemon, the 
stack manager further connected to a wireless radio via a plurality of interface 
10 adapters, and the radio connected to a plurality of communication links, the 
communication links providing information to and sending information from the 
browser object and the browser daemon. 

A computer readable medium comprising instructions for implementing a 
15 browser for a wireless device according to a further embodiment of the invention 
comprises instructions for implementing a browser object and a browser daemon, 
the browser object and the browser daemon communicating with each other, 
instructions for implementing a stack manager, the stack manager in communication 
with the browser object and the browser daemon, instructions for implementing a 
20 plurality of interface adapters, the interface adapters in communication with the 
stack manager and a wireless radio, and instructions for connecting the radio to a 
plurality of communication links, the communication links providing information to 
and sending information from the browser object and the browser daemon. 

-6- 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to show more ciearly 
5 how it can be carried into effect, reference will now be made, by way of example 
only, to the accompanying drawings in which: 

Figure 1 is a block diagram of objects and components in an embodiment of 
the present invention; 

10 Figure 2 is a block diagram of objects and components associated with a 

browser daemon; 

Figure 3 is a block diagram of objects and components associated with a 
renderer system; 

Figure 4 a block diagram of converter, Tenderer and page objects; 
15 Figure 5 is a block diagram of an information browsing system utilizing the 

present invention; 

Figure 6 is a block diagram illustrating communication connections; 

Figure 7 is a logical flow chart of the process performed by the present 
invention; 

20 Figure 8 is a logical flow chart of the process performed by a network request; 

Figure 9 is a logical flow chart of the process performed by a Tenderer 
system; 

Figure 1 0 is a logical flow chart of the process for closing a browser session; 
Figure 1 1 is a block diagram of the objects and components of the present 
25 invention integrated with a messaging system; 

-7- 
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Figure 12 is a block diagram of an information browsing system utilizing the 
present invention integrated with a messaging system; 
Figure 13 is a screen capture of a message list; 
Figure 14 is a screen capture of a message list browser menu; and 
Figure15 is a screen capture of a generic browser menu. 

DETAILED DESCRIPTION OF THE INVENTION 

A browser according to an aspect of the present invention is generic in the 
sense that it preferably displays content from WML, HTML and new formats as they 
become available. Subsequent references in this description to WML and HTML 
type content are intended to include not only WML and HTML, but also other content 
types or formats which are or may become available, Many browser functions are 
common across all content types, whereas other functions are specific to the content 
type, as will become clear from the following description. The browser will preferably 
be able to switch between different content types as determined by the type of 
content returned to the browser in response to an information or content request. 

Referring now to Figure 1, a block diagram of objects and components in an 
embodiment of the present invention, is shown generally as 100. Figure 1 illustrates 
a software implementation of browser 100, with the arrows representing references 
between the objects and components. The invention is preferably implemented 
primarily in software, but may also be implemented at least partially in hardware. 
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As described above, generic and content-specific functionality and related 
software objects are separate. Dispatch thread 102 is the main event thread of 
system 100 and notifies browser application object 104 of all user inputs and 
communication events. In order to ensure a responsive user interface (Ul), 
5 processing times for such events should be limited. Browser application object 104 
is the parent application object, which basically functions as a container for the 
object shown as browser object 106. Browser object 106 is a transient process while 
browser daemon 108 is a persistent process. Browser daemon 108 always runs in 
the background and supports all the fetching operations. It also automatically loads 
10 previously fetched Uniform Resource Locators (URLs) into the message list, as will 
become apparent from the description below. 

Browser object 106 and browser daemon 108 perform "generic" browser 
functions that apply to WML, HTML, WMLScript and any other content types that 
15 may be received or otherwise encountered. This includes such functions as history 
management, control of page retrieval and display, control of image retrieval and 
display, creation and handling of menus, detection and execution of scripts and the 
like. 

20 History object 1 1 0 is the navigation history, essentially a memory stack of 

pages or more particularly the URLs associated with the pages that have been most 
recently accessed. History object 110 can be queried to determine whether or not it 
is empty. Based on this determination, browser 100 enables or disables "Forward" 
and "Back 11 functions for example. 

-9- 
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Bookmarks object 112 is a store of all the bookmarks currently known to 
browser 100. The contents of the bookmarks object are controlled by a user, through 
add, delete, arrange and such bookmark operations. 

5 

Browser object 106, as discussed briefly above, is a transient object which is 
opened and closed by a user. When the user asks to see a new URL, the browser 
object 106 first asks the page cache 114 if the page object corresponding to the 
URL is available. If it is, the browser object 106 displays it, via a display or screen 

10 user interface object (not shown), Otherwise, browser object 106 creates a fetch 
request object and sends that fetch request object to the browser daemon 108. 
Browser daemon 108, in turn, processes the fetch request object (as discussed 
further below) and sends a result back to browser object 106. When browser 
daemon 1 08 receives a response to a fetch request object, it places data from the 

15 response into the fetch request and changes a state of the fetch request object to 
"received". Browser object 106 has an associated receiver thread 118 for each 
request that waits for a request to change to "received" state. When a response is 
received, receiver thread 118 creates a render thread 120 to process that result. 
This scheme eliminates the need for a received results queue or the like and thereby 

20 conserves memory resources on a device in which a browser such as shown in Fig. 
1 is implemented. However, it should be appreciated that other aspects of the 
invention are also applicable to systems which utilize a results queue. 

Render thread 120 provides the result to page cache 114 and asks for a 
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corresponding page object 124 in return. Page cache 114, in turn, delegates to 
renderer system 122 to produce page object 124 from the result. When renderer 
system 122 returns page object 124, page cache 1 14 will store it. 

If an information request is outstanding or in process when browser object 
106 is closed, when browser daemon 108 is ready to forward that result to browser 
object 1 06, browser daemon 1 08 will detect that browser object 1 06 no longer exists. 
In such a case, browser daemon 108 will optionally store the result as a browser 
message in a message store (not shown). Such functionality is described in more 
detail below. 

Page cache 114, as its name implies, is a cache of page objects 124. If the 
page object corresponding to a requested Uniform Resource Locator (URL) is in 
page cache 114, It can be displayed by the browser object 106 very quickly. As is 
common in the art, page cache 114 employs a least recently used (LRU) 
replacement policy. 

Raw data cache 126 is a cache that stores the raw bytes for ail requested 
content, including HTML pages, WMLC decks, images, compiled WMLScript scripts 
and any other requested content formats. Like the page cache 114, it also employs 
a LRU replacement policy. 

Secondary fetch threads 128 are used to process secondary fetch operations, 
such as loading images and are initiated by browser object 106. Primary fetch 
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operations, such as fetching pages, are preferably performed as background 
operations by browser daemon 1 08 (Figure 2). 



Referring now to Figure 2 a block diagram of objects and components 
5 associated with a browser daemon is shown generally as 150. Stack manager 160 
manages all requests for content, directing them to the appropriate stack. Stack 
manager 160, in conjunction with renderer system 122 (Figure 3), provides for the 
multiple content format functionality of browser 100 and the device in which it is 
installed. Stack manager 160 is associated with both a WAP stack 162 and an 
10 HTTP stack 164 through WAP stack adapter object 166 and HTTP stack adapter 
object 168 respectively. In a preferred embodiment, HTTP stack 164 is a proprietary 
HTTP-over-IPPP (IP Proxy Protocol) stack, discussed in further detail below. Thus, 
a wireless device equipped with a browser 100 can access information using not 
only WAP, as in prior art wireless devices, but also HTTP. 

For each URL that is not in page cache 114 or raw data cache 126 an 
instance of a primary fetch thread 172 is created to fetch the requested data. Cookie 
cache 170 stores cookies associated with previously accessed or downloaded 
information content. Some information sources may for example require a user to 
20 login using a user name and password, either or both of which may be stored as a 
cookie in cookie cache 170. Process converter thread 174 is a worker thread that 
retrieves fetch requests from the request queue 176 and creates instances of 
primary fetch thread 172 to process the request. Request queue 176 is a queue that 
contains requests for information from browser daemon 108. As resources permit, 
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an item on request queue 176 will be initiated as a primary fetch thread 172. Data 
received in response to requests from the browser daemon 108 will preferably be 
added to fetch requests in the request queue 176 and the status of such requests 
changed to "received", as described above. 

5 

Referring now to Figure 3 a block diagram of objects and components 
associated with a renderer system is shown generally as 200. In response to a page 
object request, renderer control object 202 will examine the resultant content type to 
determine which converter and renderer objects are required to generate a page 

10 object. Serialization manager 204 determines if the required converter object is 
resident on the device and if so, calls the appropriate converter object (206a, 206b, 
206c, 206d). Converter object 206 converts the raw input data into an object that 
can be rendered. Converter object 206 creates an appropriate renderer object 
(208a, 208b, 208c, 208d) to render the data and produce a page object (124a, 124b, 

15 124c, 124d) and return the new page object to the page cache 114. The new page 
object, which contains screen user interface (Ul) components, will also be displayed 
to a user by the browser object 106. All pages generated by the converters and 
Tenderers are compatible with the particular display Ul implemented in the wireless 
device. 

20 

Serialization manager 204 maintains a registry of format converters for 
different information formats. In a preferred embodiment of the invention, a third 
party communicates with serialization manager 204 to register new format 
converter/renderer combinations such as the Format X converter object 206d. 
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Information formats other than those corresponding to converter objects provided on 
the device by a manufacturer can thereby be rendered and displayed by the device 
by simply installing the appropriate converter objects, which creates associated 
Tenderer objects as required. 

5 

When content is returned to the wireless device in response to an information 
request, the renderer controller 202, in conjunction with the serialization manager 
204, determines the type of content, the converter and renderer objects required to 
convert the content into a page object, and whether or not the required converter 
10 and renderer objects are available on the device. If the required converter is 
registered with the serialization manager 204, then the converter is called to convert 
the byte array into a page. Serialization manager 204 returns a null value to 
renderer controller 202 when a required converter object is not registered. 

Where received information Is in a format other than those for which a 
converter object is registered with the serialization manager 204, the device may not 
be capable of displaying the information. According to a further aspect of the 
invention, a remote system or server in the network within which the wireless device 
is operating may register non-resident converter and renderer objects as being 
available to the device, In such systems, when information received in response to 
an information request is in a format requiring converter and renderer objects not 
resident on the device but registered with the serialization manager 204 as non- 
resident converter objects, serialization manager 204 requests and downloads the 
required converter object. Serialization manager 204 thereby significantly expands 



15 



20 
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the browsing capabilities of the wireless device in comparison with prior art devices. 



Referring now to Figure 4 a block diagram of converter, renderer and page 
objects is shown generally as 240. Converter object 206 is a superclass object 
5 representing all converter objects 206a to 206d. Similarly, renderer object 208 is a 
superclass object representing ail rendering functions 208a, 208b, 208c, and 208d. 
WML converter object 206a and WML renderer object 208a convert a byte array that 
contains WMLC (Compiled WML) into a WML page object 124a. HTML converter 
object 206b and HTML renderer object 208b convert a byte array that contains 
10 filtered HTML content into an HTML page object 124b. Similarly, the WMLScript 
converter object 206c and WMLScript renderer object 208c comprise a rendering 
engine for WMLScript scripts, which creates WMLScript page objects 124c. Format 
X converter object 206d and Format X renderer object 208d illustrate the 
extensibility aspect of the present invention which is described in further below, 

15 

Referring now to Figure 5 a block diagram of an information browsing system 
utilizing the present invention is shown as wireless device 300. User input is 
provided to the main browser control component 304 through input interface 306. It 
should be noted that the functionality of both browser object 106 and browser 
20 daemon 108 is included in component 304. Background operations performed by 
component 304 involve daemon 108 functionality, whereas foreground operations 
would be associated with the browser 106. 

Depending upon the nature of the user input, component 304 may interact 
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with one or more of the memory lists or caches 110, 112, 114, 126 and 170, in 
memory 308. Memory 308 may for example be a random access memory (RAM) in 
which the various caches occupy predetermined storage space or alternatively, 
dynamically allocated storage space. Memory 308 may also possibly comprise 
5 multiple distinct memory elements, each incorporating one or more of the caches. 

Wireless device 300 further includes a stack manager 310. Stack manager 
310 manages all requests for content, directing them to the appropriate interface 
adapter 312 or 316. Stack manager 310 further communicates with renderer 

10 controller 320 and converter/renderers 330a, 330b, 330c and 330d to ensure 
incoming data is properly converted and rendered for display to a user. WAP 
interface 314 and HTTP interface 318 interact with radio 334 to request and obtain 
data over a wireless network. Renderer controller 320 and serialization manager 
322 perform the functions described previously with regard to Figure 3. User 

15 interface 332 may be visual display or any other device that fs capable of 
communicating the results of a browser request to a user. Although shown as single 
functional blocks 330a, 330b, 330c and 330d, it is to be understood that the 
converter/renderers perform both the converter and renderer object functions 
described above to generate pages for display on the device from information 

20 received in response to requests. As described above, the renderers are preferably 
transient objects created by the converters as required and thus are not shown 
separately in the block diagram. 

Radio 334 is a wireless communication module, which operates in a wireless 
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communication network. In a preferred embodiment of the invention radio 334 is a 
device adapted for communication on the Mobitex network, although communication 
modules for the DataTAC network, GSM/GPRS networks and other wireless 
communication systems are also possible. The multiple content type information 
5 browsers and associated methods in accordance with the instant invention are 
independent of the particular wireless network on which the device operates. 

Referring now to Figure 6, a block diagram illustrating communication 
connections is shown generally as 380. Radio 334 of wireless device 300 

10 communicates over wireless links to a plurality of devices. Communication link 336 
connects radio 334 with a WAP gateway 338 or with an IP proxy server 340 via links 
360, 362 or 364. Thus, radio 334 is able to utilize either a WAP or HTTP protocol. In 
a preferred embodiment of the invention, HTTP interface 318 is a proprietary HTTP- 
over-IPPP stack, such that when HTTP is used for information browsing, radio 334 

15 communicates with an IP proxy server 340 using IPPP. In the embodiment shown in 
Figure 6, iP proxy server 340 includes a WML filter 342, an HTML filter 344 and an 
HTTP connector 346. Filters 342 and 344 respectively convert raw WML and raw 
HTML content into proprietary filtered formats and return the filtered content to radio 
334 via communication links 360 and 362 respectively. A third alternative is 

20 unfiltered data and this is performed via communications link 364. 

Both WAP gateway 338 and IP proxy server 340 request information or 
content from information sources such as servers 352a and 352b through a network 
350. Network 350 is typically the Internet, but may also be an intranet or other 
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relatively smaller-scale network. WAP gateway 338 and IP proxy server 340 may 
possibly be connected to different networks. Servers 352a and 352b may be 
connected to network 350 through one or more further networks. Other information 
source arrangements will be apparent to those skilled in the art and are intended by 
5 the inventors to be within the scope of the invention. 

Referring now to Figure 7, a logical flow chart of the process performed in an 
illustrative embodiment of the present invention is shown generally as 400. The 
browser implementing process 400 is preferably pre-programmed with a "home 

10 page" URL that it will attempt to load when started at step 402. The browser will first 
create a request to load the pre-programmed "home page" URL at step 404. It will 
then enter the normal page-request cycle, which begins with the browser 
determining if a valid previously rendered copy of the home page is stored In the 
page cache at step 406. If the home page is stored in the page cache, then the 

15 browser can quickly load it from cache at step 408 and display the page at step 410. 

If no valid copy of the page is stored in the cache, when the cache copy has 
expired or has been replaced by a new page entry under a page cache LRU 
replacement policy for example, the browser attempts to download the home page 
20 from the information source through a network request, indicated at step 412. In 
response to the network request, the network returns information to the browser at 
step 414, which may be the requested information but may instead be an error 
message if the requested information cannot be accessed or is otherwise 
unavailable. A test is made at step 416 to determine if the network request was 
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successful, if it was, i.e. the requested information is returned, the returned content 
is converted and rendered at step 418. Provided that the home page is either stored 
in the page cache when the browser is started or downloaded from the network, the 
home page is displayed by the browser on the device at step 410. if the home page 

5 cannot be loaded, control moves from step 416 to step 420 where the browser may 
generate an error page or selected a predetermined stored page. The error page or 
predetermined stored page is then displayed at step 410. The error page or 
predetermined stored page is preferably stored in a memory location not subject to 
the norma! LRU cache replacement scheme. Although browser startup would be 

10 simplified by initially displaying a predetermined stored page and thereby avoiding 
some processing and possibly network access operations, this would preclude a 
user selecting a personal home page. 

As discussed briefly above, converted and rendered pages processed by the 
15 browser include not only WML and HTML pages for display, but also WMLScript and 
other script pages with run elements which are executed by the browser. Therefore, 
in this description, references to page display should be interpreted to include 
execution of such run elements for script pages. 

20 After a page has been displayed at step 41 0, the browser checks at step 422 

to see if any secondary (2°) fetches are needed to complete the loading of the 
current page (e.g., to load images associated with the page). If no secondary fetch 
operations remain, when either no secondary fetch operations are required or all 
secondary fetch operations have been performed as described below, control moves 
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to step 424 where the browser awaits input from a user. If a user input request is 
received, a test is made at step 426 to determine if it is a request to close the 
browser. If the user has decided to close the browser then closing operations are 
performed at step 428. If the user did not decide to close the browser, a test is 
5 made at step 430 to determine if the user made a request for information or content. 
An information request may be made by a user by entering a URL or selecting a link 
on a displayed page, for example. If the user input is a request, then a background 
operation to load and display a new page is initiated as described above starting at 
step 406. While this background operation is in progress, the current page that is 
1 o being displayed will preferably remain on the screen of the browsing device. A static 
or preferably animated icon will also be displayed on the screen, in a title bar for the 
currently displayed page for example, to indicate to the user that another page is in 
the process of being requested and downloaded. 

15 Returning to step 430 if it is determined that the user input is not an 

information request, a test is made at step 446 to determine if the user input relates 
to a local browser function, such as storing a URL as a bookmark. If a local function 
is invoked, then the function is performed at step 448, and control moves to step 
424. 

20 

If the test at step 422 indicates that secondary fetches are required, each 
secondary fetch operation preferably proceeds as follows. A background secondary 
fetch thread is first created at step 431. The method then proceeds at step 424 to 
detect and process any user inputs. The secondary fetch operation continues in the 
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background, concurrently with any user input-related processing, and begins by first 
checking the cache for the required content at step 432. if the cache does not 
contain the required content, then a network fetch sequence is initiated at step 434. 
in response to the network request, the network returns information to the browser at 
5 step 436. A test is made at step 438 to determine if the network operation was 
successful, if the operation was successful, the content is converted {if necessary) 
and delivered to the browser at step 440 for incorporation into the currently 
displayed page. If the network operation was not successful, the browser is notified 
of the failure at step 442. Control then passes back to step 422. It should be noted 
10 that if a primary fetch operation results in a network error, then no secondary fetch 
operations would be executed. Returning to step 432, if the object is in the cache, it 
is retrieved from the cache at step 444 and passed on to step 440. 

It will be apparent that user input may be received at any time, for example 
15 during secondary fetch operations or iocal function execution. A "stop" user input, 
intended to interrupt a fetch operation, must be processed immediately, without 
waiting for a previous fetch operation to complete. Therefore, input user interfaces 
are preferably continuously monitored, even during execution of other browser 
operations. Creation of a background secondary fetch thread as shown at 431 
20 ailows user inputs to be made and processed while secondary fetch operations 
proceed in the background. 

Referring now to Figure 8 a logical flow chart of the process performed by a 
network request is shown generally as 500. A network request begins at step 502. 
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At step 504 some type of message or indication is preferably displayed to indicate to 
a user that an information request is in progress. Such a message might also or 
instead be displayed at other points in the information browsing process, aithough 
local operations or page displays from the page cache or other local memory store 
5 such as the raw data cache tend to take substantially less time than network 
information requests. Such user information messages can preferably be configured 
in accordance with user, network or device preferences or characteristics. 



At step 506 the type of request is identified. Only two types of requests, WAP 
10 and HTTP, are shown. However, it is not the intent of the inventors to limit the 
invention in such a manner. Other types of requests may also be accommodated by 
the Invention through further interfaces in the IP proxy server 340 (Figure 6). 



When referring to the remaining steps it will aid the reader to refer to Figures 
15 5 and 6 in conjunction with Figure 8. 

A WAP request would be sent at step 508 through WAP interface adapter 
312 and WAP Interface 314 over communication link 336 to WAP gateway 338. 
The requested information would then be downloaded from an information source 
20 such as server 352a, through network 350 and WAP gateway 338 and received by 
radio 334 of device 300 via communications link 336. The information is received at 
step 510. The information received would normally include the requested 
information, in raw WML format, but could also be indicative of an error. Based on 
the response to the network information request, the success or failure of the 
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HTTP requests are similarly sent through the HTTP interface adapter 31 6 and 
HTTP interface 318 to IP proxy server 340 at step 512. HTTP is used by HTTP 
5 connector 346 to access information sources through network 350. The format of the 
returned information content is then determined by HTTP connector 346. The 
returned information is expected to be raw HTML, but may also be in other formats, 
such as WML. if a corresponding filter is implemented in IP proxy server 340, then 
the information is converted into compressed format for transmission over the 

10 appropriate wireless communication link, either 360 or 362. If ho corresponding filter 
exists the raw HTML is returned via link 364. Filters 342 and 344 respectively 
convert raw WML and raw HTML content into proprietary filtered formats, and return 
the filtered content to the browser. Those skilled in the art will appreciate that filters 
may be implemented in the IP Proxy system 340 to convert content into other 

15 formats that can be processed at the device. The invention is in no way restricted to 
delivering content in proprietary formats. 

At step 516 the URL of the request is added to history list 110. At step 518 
the network request is complete and the results are returned to the requestor. 

20 

When a device is out of wireless communication network coverage, a network 
request is preferably queued or cached in a device data store and is transmitted 
when the device re-enters network coverage. 
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Referring now to Figure 9 a logical flow chart of the process performed by a 
renderer system is shown generally as 600. Process 600 begins at step 602 and 
information or content received in response to a network request is first stored to the 
raw data cache at step 604. At step 606 the type or format of the content is 
5 determined. Once the type of content has been determined, a test is performed at 
step 608 to determine if a suitable converter and renderer are on the device. As 
previously described, resident converters are registered with serialization manager 
204/322. if the required converter and renderer are already on the device, 
processing moves to step 610 where the appropriate renderer is invoked, At step 
10 612 the content is rendered to create a page and at step 614 the page is added to 
the page cache. Process 600 then returns at step 61 6. 

If at step 608 it is determined that a suitable converter/renderer is not 
available, control moves to step 618. As previously described, non-resident but 

15 available converter/renderers may also be registered with serialization manager 
204/322. Serialization manager 204/322 preferably stores both content types for 
which such non-resident converter/renderers are available and an indication,, such 
as a URL, of a location of the applications. For example, a suitable 
converter/renderer may be available from a server or an information source 

20 accessible through a network in the communication system. At step 618 it is 
determined whether or not such a non-resident converter/renderer is available for 
the particular received content type or format. If not, then the browser indicates that 
the converter/renderer is unavailable at step 620 and the process returns at step 
616. In the event that a required converter/renderer is unavailable, the device in 
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which the browser is running preferably displays a most recently downloaded page, 
along with an indication that the converter/renderer for the requested content is 
unavailable, in a display title line for example. 

5 Where it is determined at step 618 that a non-resident converter/renderer is 

available, the converter/renderer is requested from the network at steps 622, 624 
and 626. A tesi is made at step 628 to determine if the network request is 
successful, if the request was successful then the converter/renderer is registered 
with the serialization manager and installed in the device at step 630. The new 
10 installed converter/renderer is then invoked at step 610 to render the content and 
generate a page at step 612. At page 614 the generated page is added to the page 
cache. Control then returns at step 616. 

Referring back to Figure 6, raw WML content from an information source is 
15 converted by WAP gateway 338 into a compressed format known as tokenized 
WML or WMLC. Similarly, WML content and HTML content are converted into 
compressed formats by filters 342 and 344 in IP proxy server 340. For such content, 
the example converter objects 206a, 206b, 206c and 206d and renderer objects 
208a, 208b, 208c and 208d (see Figure 3) are sufficient for information browsing 
20 functionality. As such, WML, HTML and WMLScript converters and Tenderers are 
preferably provided in a communication device by a device manufacturer. However, 
other types of content may also be simply passed to the device through WAP 
gateway 338 or IP proxy server 340, requiring further converter/renderers such as 
the "Format X" converters and Tenderers 206d and 208d (see Figure 3). As 
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described above, these further converter/renderers can be either registered with 
serialization manager 204/322 and installed in the device by a third party or 
registered with the serialization manager 204/322 for later download and installation 
to the device at a later time in response to receipt of corresponding content type. In 
other contemplated embodiments, a user may choose to download, register and 
install selected converters and renderers to the device. 

Referring to Figure 1 0 a logical flowchart of the process for closing a browser 
session is shown generally as 700. In the present invention a browser session may 
be ended or closed temporarily. Beginning at step 702 a user has indicated that the 
browser session is to be closed. A test is made at step 704 to determine if the input 
indicates that the browser operations are not to be ended. If the browser operations 
are not to be ended control moves to step 706. At step 706 the browser is removed 
from the display of the device on which the browser is running, but operations 
continue In the background. Upon completion of operations which were in progress 
when the browser was closed, the history list and caches are cleared at step 708 
and browser processing ends at step 710. The next time the browser is opened, it 
will either reflect its most recent state before the close operation was invoked, or will 
load a pre-programmed "home page". Any fetch operations in progress at step 706 
will preferably have been completed. If the user has selected to end browser 
operations however, all in progress operation will terminate at step 712. The history 
list and transient caches may optionally be cleared at step 708 and the browser 
processing ends at step 710. The next time the browser is started, the home page 
or alternate stored page is reloaded and displayed. The state of the browser before 
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the close operation is lost. 

The present invention may be integrated with other functionality in a 
communication device, in one such integration, the browser is integrated with a 
5 messaging system, The messaging system is preferably an electronic mail (email) 
based system, which may itself be part of an integrated messaging system including 
email, voicemail, short messaging service (SMS) and the like. 

Referring now to Figure 11 a block diagram of the objects and components of 
10 the present invention integrated with a messaging system is shown generally as 800. 
As will be apparent, the objects and components in Figure 11 are substantially 
similar to the objects of Figure 2, but include a message store 81 0, a browser folder 
812 within the message store 810 and a page model 814 within browser folder 812. 

15 As shown in Figure 11, a central object in the integrated system is the 

. message store 810, which interfaces with the browser object 106, browser daemon 
108 and other systems within the device, such as an email application 816, a 
voicemail application 818 and a SMS application 820. Any of these applications can 
save items to message store 810 and process corresponding items from message 

20 store 810, typically in a folder dedicated to that application. Browser folder 812 is an 
example of such a folder. Browser folder 812 will contain messages specific to 
browser requests. Page model 814 is an instance of browser folder 812 that 
contains the data necessary to display a page. 
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Information browser 800 also includes the objects shown in Figures 1 , 3 and 
4, and browsing operations are substantially as described above. A primary 
difference between the browser of Figure 2 and the browser of Figure 11 is that 
browser 800 may be launched directly, as previously described, but may also be 
5 launched from a different application such as email application 816, voicemail 
application 818 or- SMS application 820. 

Referring now to Figure 12, a block diagram of an information browsing 
system utilizing the present invention integrated with a messaging system is shown 

10 as wireless device 900. As can be readily seen device 900 and device 300 of Figure 
5 have many common components, with some minor differences. Wireless device 
900 differs from wireless device 300 in that it includes a message store 810, which 
may for example be allocated a portion of a memory 308. Message store 810 is 
accessible to other applications such as email application 912, voicemai! application 

15 914 and SMS application 916. Although shown in Figure 12 as being within 'a 
shared memory 308, message store 810 may instead be implemented in a 
dedicated memory component shared among the different messaging functions on 
device 900. 

20 Browser 304 may be initiated through user input or combination of user inputs 

from a keyboard or keypad, trackwheel, mouse, thumbwheel or the like, through 
user interface 306. Browser 304 may also be invoked through message store 810. 
A list of contents of the message store, hereinafter called the message list, is 
normally displayed on a screen or other output user interface 332 of wireless device 
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900. The message list preferably displays a plurality of types of messages. For 
example, email messages, voicemail messages and SMS messages are preferably 
displayed in the message list with at least one of sender information, title information 
and time of receipt, In addition to' unique icons. Browser entries in the message list 
are similarly displayed with one or more particular icons and a content identifier, 
such as a filename or the URL of a network location associated with the browser 
entry. Icons for browser entries could represent: pending page, sending page, 
received page and read page. A pending page is a page that is scheduled to be 
sent once network conditions will aliow it. A sending page is a page that is being 
sent or a response that is being received. A received page is a page that has been 
received but not opened. A Read page is a page that has been opened. Further, 
pages that contain WMLScript "do" elements may have a separate icon to identify 
them. 

Referring now to Figure 13, a screen capture of an example message list is 
shown generally as 950. A message from email application 816 is indicated by 
feature 954 and a browser entry is indicated by feature 952. A browser entry 952 
may be highlighted to indicate that the page requested resides in the page cache 
114 or raw data cache 126. 

Referring now to Figure 14, a screen capture of a message list browser menu 
is shown generally as 980. When a cursor or other selection indicator is placed over 
a browser entry 952 on the message list and suitable selection input is received, a 
browser menu such as 980 is displayed. Suitable selection input may for example 
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be the depression of a particular key on a keypad or keyboard, operation of an 
auxiliary input device or placement of a stylus on the display or screen on which the 
message list is displayed. Browser menu 980 is specific to the message list and 
provides options that are consistent with viewing a particular type of message. 
5 When a browser item is selected, a message list browser menu is displayed. When 
an email message in the message list is highlighted or otherwise selected however, 
a menu including email message options would be displayed. 

As an example, wireless device 900 may be a hand held electronic device 
10 such as those disclosed in co-pending United States Patent 6,278,442, titled "Hand- 
Held Electronic Device With a Keyboard Optimized for Use With the Thumbs", 
issued on August 21 , 2001 , and assigned to the assignee of the instant invention. In 
such devices, a cursor is positioned in the message list by rotation of a thumbwheel. 
A message list selection is made by depressing the thumbwheel . A browser menu 
15 may also be displayed by simply providing the selection input while the cursor or 
selection indicator is positioned in a particular display area outside the message list 
entries. Whenever suitable selection input is provided, a browser menu applicable 
to the context of the position of the selection indicator is displayed. 

20 The particular operations included in the browser menus will be dependent 

upon such criteria as the location of the cursor or selection indicator on the device 
display, the device in which the browser is implemented, the required or desired 
browser functionality and/or the communication system in which the device is 
operating. 
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Referring now to Figure 15, a screen capture of a generic browser menu is 
shown generally as 1000. A browser menu may include certain generic browser 
actions or functions that apply to all browser content types. Generic actions include 
5 such actions as enter URL 1002, back, forward, reload, bookmarks, add bookmark, 
stop, save current page to message list and save current request to message list. 
Not all of these features are shown in Figure 15. Browser menu options are 
preferably selected in the same way as message list entries, by first positioning a 
cursor or selection indicator and then providing a selection input. It should be noted 
10 that a message list browser menu such as shown in Fig. 14 and a browser menu 
displayed when the browser application is running (Fig. 15) may be different, since 
not all browser-related functions are applicable when a single browser item is 
selected from the message list. For example, a "back" browser function would not 
be applicable in the context of a single browser item in a message list. 

15 

As will be apparent to those skilled in the art, enter URL 1002 allows a user to 
key in or otherwise specify a URL to be loaded and displayed. The browser then 
operates as described above to load the requested content from either the page 
cache or a network. The "back" and "forward" options will be displayed only where 
20 appropriate, as determined by the browser by accessing the history list 110. Those 
skilled in the art will be familiar with "reload", "bookmarks" and "add bookmark" and 
"stop" browser operations. 

Selection of the "save page to message list" option adds the currently 
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displayed page to message store 810 (Figure 11) and thus to the message list. 
Where an information request is in progress, the "save request to message list" 
option will also be made available to the user. Selecting this option will cause the 
requested page or an identifier thereof such as its URL, to be saved to the message 
iist. Such a save operation may also involve a particular folder, such as a browser 
folder 812 (Figure 11), instead of the message list. Similarly, entries saved to a 
particular folder can preferably be moved to different folders by displaying a menu 
when the selection indicator is positioned over the entry to be moved. All of the 
above menu actions, except the fetch operations associated with an "enter URL" 
action, would be local browser functions performed at step 448 of the flow chart of 
Figure 7. 

In addition to the generic browser actions, a browser menu preferably 
includes page specific actions when the selection Input is provided while the cursor 
or selection indicator is positioned over a particular entry In the message list or when 
a page is being displayed. For example, when a WML page is being displayed, page 
actions preferably enable a user to execute "do" verbs associated with the page. 
For an HTML page, the page actions may include an action to follow a link on the 
displayed page. 

Browser menus preferably also include a close action, which would invoke the 
operations described with regard to Figure 10. Requests in progress when the 
browser is closed may be either terminated or executed as background operations, 
as discussed above. If an information request is completed after the browser has 
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been closed, then the returned content is preferably stored directly to message store 
810, If desired, and the browser is suitably configured, a user could then be notified 
of completion of the request, 

Integration of the browser and browsing method with messaging functions 
provides for further enhanced information browsing on wireless communication 
devices. One of the probiems associated with known information browsers is that 
connection of the browser to a network is assumed and often required for the 
duration of a browsing session. In the present invention, a request generated while 
the device is out of coverage may also be stored to the message store 810 for 
submission automatically when the device re-enters a coverage area of a wireless 
network. The browser daemon 108 can detect pending requests by checking the 
message store 810 list and perform the necessary fetch operations as described 
above. 

It will be appreciated that the above description relates to preferred 
embodiments by way of example only. Many variations on the invention will be 
obvious to those knowledgeable in the field, and such obvious variations are within 
the scope of the invention as described and claimed, whether or not expressly 
described. 

For example, other actions may be provided. in the browsing menus. Such 
other actions may be either in addition to the actions described above or alternatives 
thereto. The present invention may also be integrated with different functions, 
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applications or systems on a wireless communication device. The invention is in no 
way restricted to integration with messaging functions. 



Similarly, the invention is not limited to implementation in any particular type 
5 of hand-held electronic device. The invention may be implemented in virtually any 
wireless communication device, including cellular telephones, mobile communication 
devices, personal digital assistants (PDAs), two-way pagers and the like. 

Although the inventors have described the present invention as being used in 
a wireless communication device, one can appreciate that certain features, for 
example the renderer/controller structure may be implemented in non-wireless 
systems as well. Similarly, any non-wireless system may make use of the 
background processing feature of the present invention to continue to attempt to 
access data once the browser has been shut down. 
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WE CLAIM 

1 . A web browser comprising: 

a page cache containing a plurality of pages in a plurality of formats; and 
a converter and renderer operativeiy connected to the page cache for rendering 
the plurality of pages for display by the browser. 

2. The browser of claim 1 , further comprising a communication module configured 
to obtain pages and converters over a communications link. 

3. The browser of claim 2, wherein the communications link comprises a wireless 
network. 

4. The browser of claim 2, the browser having a plurality of communications 
interfaces configured for communications via a plurality of communication protocols, the 
communication protocols including Wireless Application Protocol (WAP) and Hypertext 
Transfer Protocol (HTTP). 

5. The browser of claim 4, wherein pages obtained via HTTP are in a filtered format 
generated by a WML filter. 



6. The browser of claim 4, wherein pages obtained via HTTP are in a filtered format 
generated by an HTML filter. 
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7. A wireless web browser, the browser comprising a radio configured for 
communications with both a Wireless Application Protocol (WAP) gateway and an 
Internet Protocol (IP) proxy server. 

8. The browser of claim 7, the IP proxy server further comprising a Wireless 
Markup Language (WML) filter, 

9. The browser of claim 7, the IP proxy server further comprising a Hypertext 
Markup Language (HTML) filter. 

10. The browser of claim 7, the IP proxy server further comprising a Hypertext 
Transfer Protocol (HTTP) connector. 

11. A web browser, the browser having a background processing object, the 
background processing object permitting the browser to access information after the 
browser has been closed. 

12. The browser of claim 1 1 , further comprising a message store, the message store 
containing processing results from the background processing object, the message 
store accessible to one or more applications to permit the displaying of the results to a 
user. 
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13. The browser of claim 12, wherein the message store comprises at least one 
browser folder. 



14. The browser of claim 13, wherein the at least one browser folder comprises at 
least one page model. 

1 5. The browser of claim 1 1 , wherein: 

the browser is implemented in a wireless communication device; and 

the background processing object stores information requests from the browser 

and automatically sends stored requests over a wireless communication network when 

the device is within a coverage area of the network. 

1 6. A web browser comprising a message store, the message store connected to at 
least one application selected from the set of: email application, voicemaii application 
and SMS application, and the message store containing objects retrieved by the 
browser and the least one application. 

17. The browser of claim 16, wherein the message store comprises at least one 
folder. 

18. The browser of claim 17, wherein trie at least one folder includes at least one 
page model. 
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19. The browser of claim 16, wherein the message store also contains requests for 
information from the web browser. 



20. The browser of claim 1 9, implemented in a wireless communication device. 

21 . The browser of claim 20, wherein the wireless communication device is selected 
from the group consisting of: cellular telephones, personal digital assistants (PDAs), 
and two-way pagers. 

22. The browser of claim 20, wherein the requests for information from the web 
browsor are maintained in the message store until requested information is received in 
response thereto. 

23. The browser of claim 22, wherein a stored request for information is replaced 
with the requested information in the message store. 

24. The web browser of claim 16, wherein an object retrieved by the browser 
contained within the message store may be selected to initiate an instance of the 
browser. 

25. A computer readable medium comprising instructions for implementing a page 
cache, a renderer controller operatively connected to the page cache and a serialization 
manager operatively connected to the renderer controller. 
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26. The medium of claim 25, wherein the serialization manager contains instructions 
for selecting one of a plurality of converters. 

27. The medium of claim 26, wherein each of the plurality of converters contains 
instructions for creating a renderer. 

28. The medium of, claim 27, wherein a renderer contains instructions for creating a 
page stored in the page cache on a display. 

29. A method for installing a converter on a wireless device, the method comprising 
the steps of: 

determining if the converter is registered on the wireless device; 
if the converter is registered, then requesting the converter via a wireless 
network; and 

when the converter is received in response to the request, installing the 
converter on the wireless device. 

30. The method of claim 29, further comprising the steps of: 
sending a request for information via the wireless network; 
receiving requested information in response to the request; 
selecting a converter for the requested information; 

if the selected converter is installed on the device, executing the converter; and 
-39- 
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if the selected converter is not installed on the device, continuing at the step of 
determining to install the converter on the device. 



31 . A method for rendering a page on a wireless communication device comprising 
the steps of: 

receiving the page over a wireless network; 
selecting a converter for the page; 

rendering the page to created a rendered page for display by a browser; and 
storing the rendered page in a page cache. 

32. A browser for a wireless device, the browser comprising: 

a browser object operatively connected to a browser daemon; 
a stack manager operatively connected to the browser object and the browser 
daemon; 

the stack manager further connected to a wireless radio via a plurality of 
interface adapters; and 

the radio connected to a plurality of communication links, the communication 
links providing information to and sending information from the browser object and the 
browser daemon. 

33. The browser of claim 32, wherein the communication links comprise links to a 
WAP gateway and an IP proxy server. 
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34. The browser of claim 32, wherein the iP proxy server comprises a WML filter. 



35. The browser of ciaim 32, wherein the IP proxy server comprises an HTML filter. 

36. The browser of claim 32, wherein the IP proxy server comprises an HTTP 
connector. 

37. A computer readable medium comprising instructions for implementing a 
browser for a wireless device said medium comprising: 

instructions for implementing a browser object and a browser daemon, the 
browser object and the browser daemon communicating with each other; . 

instructions for implementing a stack manager, the stack manager in 
communication with the browser object and the browser daemon; 

instructions for implementing a plurality of interface adapters, the interface 
adapters in communication with the stack manager and a wireless radio; and 
instructions for connecting the radio to a plurality of communication links, the 
communication links providing information to and sending information from the browser 
object and the browser daemon. 

38. The medium of claim 37, wherein the communication links comprise links to a 
WAP gateway and an IP proxy server. 



39. The medium of claim 37, wherein the IP proxy server comprises instructions for 
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implementing a WML filter. 
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40. The medium of claim 37, wherein the IP proxy server comprises instructions for 
implementing an HTML filter. 

41. The medium of claim 37, wherein the IP proxy server comprises instructions for 
implementing an HTTP connector. 
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